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tively. Depletion of PKC and calphostin C, a PKC inhibitor,High glucose–induced PKC activation mediates TGF-b1 and
effectively prevented both PMA and high glucose–induced,fibronectin synthesis by peritoneal mesothelial cells.
but not constitutive, expression of TGF-b1 and FN.Background. Progressive peritoneal fibrosis, membrane
Conclusion. The present data demonstrate that high glucosehyperpermeability, and ultrafiltration failure have been ob-
up-regulates TGF-b1 and FN synthesis by HPMC, and thatserved in long-term peritoneal dialysis (PD) using glucose as an
this high glucose–induced up-regulation is largely mediated byosmotic agent. High glucose activates protein kinase C (PKC),
PKC. These results suggest that activation of PKC by highwhich is one important signal pathway in the activation of
glucose in conventional PD solutions may constitute an impor-transforming growth factor-b1 (TGF-b1) and fibronectin (FN).
tant signal for activation of HPMC, leading to progressiveTo gain a better understanding of mechanisms involved in
accumulation of extracellular matrix and eventual peritonealperitoneal fibrosis, we examined the effects of high glucose on
fibrosis.human peritoneal mesothelial cell (HPMC) TGF-b1 and FN
mRNA expression and protein synthesis and determined the
involvement of PKC in the high glucose–induced HPMC acti-
vation.
Progressive peritoneal fibrosis, membrane hyperper-Methods. Synchronized confluent HPMC were incubated
meability, and ultrafiltration failure have been observedwith different concentrations of glucose with and without inhi-
bition of PKC. PKC activity and diacylglycerol (DAG) levels in patients on long-term peritoneal dialysis (PD) [1–4].
were measured. The expression of TGF-b1 and FN mRNAs Excessive deposition of extracellular matrix (ECM) is
by HPMC was measured by Northern blot analysis. TGF-b1 presumed to be the structural basis of peritoneal fibrosis,protein was measured by enzyme-linked immunosorbent assay
which may, in turn, result in the membrane hyperper-(ELISA) and mink lung epithelial cell growth inhibition assay.
meability and ultrafiltration failure. However, little isFN protein was measured by Western blot analysis and ELISA.
Results. PKC activity and DAG levels in HPMC cultured known about how peritoneal fibrosis develops and prog-
under 50 mmol/L (high) glucose increased 2.3- and 2.0-fold, resses, and to what extent resident and infiltrating perito-
respectively, that of 5.6 mmol/L (control) glucose at 24 hours
neal cells contribute to this process.and this was sustained up to 72 hours. The expression of
In diabetes mellitus, high glucose causes coordinatedTGF-b1 and FN mRNA by HPMC cultured under high glucose
increased 1.6- and 1.7-fold, respectively, that of control values alterations in cytokines, growth factors, and hormones
at 24 hours. TGF-b bioactivity as well as protein content in and leads to excessive deposition of ECM resulting in
heat-activated conditioned media from high glucose was sig- tissue injury [5]. Continuous exposure of the peritoneal
nificantly higher than that of control values at 24 and 48 hours.
membrane to high glucose may also result in changes inFN protein also increased in response to high glucose, as mea-
peritoneal membrane structure and function over thesured by Western blot analysis and ELISA. PKC activator
long term. While mesothelial cells in vitro have the ca-phorbol 12-myristate 13-acetate (PMA) induced 2.2- and 1.4-
fold increase in TGF-b1 and FN mRNA expression, respec- pacity to produce a variety of matrix proteins [including
types 1, 3, and 4 collagens; laminin; and fibronectin (FN)
in the basal state] [6–8], high glucose stimulates FN1 Current address of Dr. Ha and Miss Yu is Hyonam Kidney Labora-
mRNA expression in rat peritoneal mesothelial cellstory, Soon Chun Hyang University, 657 Hannam dong, Yongsan Ku,
Seoul 140-743, Korea. in culture [9]. Among several cytokines, transforming
growth factor-b (TGF-b) appears to be the final commonKey words: progressive peritoneal fibrosis, protein kinase C, dialysate,
mediator of high glucose–induced ECM expansion intransforming growth factor-b, extracellular matrix, ultrafiltration, tis-
sue injury. diabetic nephropathy [10, 11]. Our recent study has dem-
onstrated that high ambient concentration of glucoseReceived for publication December 30, 1999
stimulates TGF-b1 mRNA expression and protein syn-and in revised form July 31, 2000
Accepted for publication August 18, 2000 thesis, which, in turn, mediates FN mRNA expression
and protein synthesis by glomerular mesangial cells [12].Ó 2001 by the International Society of Nephrology
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Enhanced expression of TGF-b1 mRNA by rat and hu- uously exposed to 12.5 to 236 mmol/L glucose during con-
tinuous PD, preliminary experiments were performedman peritoneal mesothelial cells (HPMC) cultured in
high glucose has been reported [13–15]. The mechanism with 5.6 to 200 mmol/L glucose. Glucose at 50 mmol/L
and higher concentrations, but not 30 mmol/L, consis-involved in modulating expression of cytokine and ECM
genes by high glucose is not completely understood. In- tently activated HPMC. Since glucose at high concentra-
tions can induce cell dysfunctions by hyperosmolalitycreased de novo synthesis of diacylglycerol (DAG) and
activation of protein kinase C (PKC) by high glucose [18], we used 50 mmol/L, but not 100 mmol/L, glucose
as the high glucose dialysate. In studies examining thecontribute to the development of diabetic tissue injury
[16, 17]. The role of PKC in high glucose–induced activa- role of PKC, HPMC were preincubated for 24 hours
with phorbol 12-myristate 13-acetate (PMA; 100 nmol/L)tion of HPMC has not been studied. Thus, the present
study examined the effects of high glucose on HPMC to deplete intracellular PKC or for one hour with calpho-
stin C (100 nmol/L), a PKC inhibitor, before stimulationTGF-b1 and FN mRNA expression and protein synthesis
and the role of PKC in the high glucose–induced HPMC with high glucose. The concentration of calphostin C
used in this study was based on many previous studiesactivation in order to gain better understanding of the
mechanisms involved in peritoneal fibrosis. on different cell types [19]. After incubation, the media
were collected, centrifuged to remove cell debris, and
used for the TGF-b1 and FN protein assay. After re-
METHODS
moving the media, cells were washed with PBS and enzy-
Unless otherwise stated, all chemicals were obtained matically detached, and the cell number was counted.
from Sigma Chemical Company (St. Louis, MO, USA). Incubation of cells in control as well as high glucose in
All tissue culture plastics were purchased from Becton serum-free condition with or without PKC inhibition for
Dickinson Labware (Lincoln Park, NJ, USA). up to 96 hours did not have a significant effect on cell
viability as determined by the LDH release. For North-
HPMC culture
ern analysis, cells were lyzed using 1 mL of a mixture
Human peritoneal mesothelial cells were isolated ac- consisting of 4 mol/L guanidium thiocyanate, 25 mmol/L
cording to the method described by Stylianou et al [6]. sodium citrate, pH 7.0, 0.5% sarcosyl, and 0.1 mol/L
Briefly, a piece of human omentum obtained from con- 2-mercaptoethanol for RNA isolation.
senting patients undergoing elective abdominal surgery
PKC activityor Cesarean section was washed in phosphate-buffered
saline (PBS) and incubated in 0.05% trypsin-0.02% eth- Protein kinase C activity was measured by its ability
ylenediaminetetraacetic acid (EDTA) solution for 20 to transfer 32P from [g-32P]ATP (New England Nuclear,
minutes at 378C with continuous agitation. After incuba- Boston, MA, USA) into specific substrate peptide (QKR
tion, the suspension was centrifuged at 50 3 g for five PSQRSKYL) in the presence of Ca21, phosphoserine,
minutes at 48C, and the cells were cultured in medium and DAG according to the manufacturer’s description
199 containing 10% fetal bovine serum (FBS), 100 U/mL (Upstate Biotechnology, Lake Placid, NY, USA). After
penicillin, 100 mg/mL streptomycin, 0.5 mg/mL fun- phosphorylation reactions by incubation at 308C for 10
gizone, and 26 mmol/L NaHCO3. Half the medium was minutes, the reaction was terminated by applying the
exchanged 24 hours after seeding, and thereafter, the reaction mixture to p81 phosphocellulose paper, which
entire medium was replaced once every three days. was immediately dipped into 0.75% phosphoric acid and
HPMC were identified by phase-contrast microscopy ac- washed ten times by stirring in 1 L of 0.75% phosphoric
cording to the morphological criteria and by the immu- acid. PKC activities were calculated by subtracting the
nofluorescence technique. All experiments were per- nonspecific kinase activities from those obtained in the
formed using cells between the second or third passages. presence of Ca21, phosphoserine, and DAG. Specific
Cells for Northern blot analysis and PKC activity were PKC activity was reported as PKC activity per mg of
grown in 100 mm culture dish. For DAG content, West- total protein, as determined by the method of Bradford
ern blot analysis, and enzyme-linked immunosorbent [20].
assay (ELISA), HPMC were grown in a six-well plate.
Extraction and assay of DAGWhen needed, the lactate dehydrogenase (LDH) release
was determined using HPMC grown in a 24-well plate. Mass DAG during HPMC activation was determined
Near confluent HPMC grown in culture dish were incu- according to the method previously described [21].
bated with serum-free media for 48 hours to arrest and Briefly, after incubation for 24 to 72 hours, 3H-myristic
synchronize the cell growth. After this time period, the acid was added at the concentration of 5 mCi/mL and
media were changed to fresh serum-free medium 199 incubated for 16 hours. The uptake of 3H-myristic acid
containing 5.6 mmol/L (control) or 50 mmol/L (high) was not different among experimental conditions. Then
the reaction was terminated by adding 1 mL of methanol.glucose for 3 to 72 hours. Since the peritoneum is contin-
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Total lipids were extracted according to the methods of was measured at 562 nm. Unconditioned media con-
taining 50 mmol/L glucose were used as the control.Bligh and Dyer [22]. Labeled DAG was separated on
silica gel G thin layer plates developed up to the half of
Immunoblot analysis of FN proteinthe TLC plate with ethylacetate:acetic acid:triethylpen-
tane (9:2:5). After air drying, the TLC plates were filled Immunoblot analysis was performed to determine the
to the top in a second system with hexane:diethylether: production and secretion of FN into the mesothelial cell
methanol:acetic acid (90:20:3:2). The spot of DAG was conditioned media [12, 26]. After measuring the concen-
visualized using iodine vapor and identified by using the trations of protein by the Bradford method [20] using
DAG standard. The retardation factor value for DAG the Bio-Rad assay, aliquots of conditioned media were
was 0.55. The silica gel G corresponding spot of DAG mixed with sample buffer containing sodium dodecyl
was scraped and assayed in a scintillation counter. sulfate (SDS) and b-mercaptoethanol and heated at 958C
for 15 minutes. Samples were applied to 5% polyacryl-
Northern blot analysis amide gel and electrophoresed. After electrophoresis,
the proteins were transferred onto a nitrocellulose mem-Standard Northern blot was performed as previously de-
scribed [12] after isolation of total RNA using the method brane using a transblot chamber with Tris buffer. West-
ern blots were incubated with rabbit anti-mouse FNof Chomczynski and Sacchi [23]. cDNA probes for TGF-b1
and FN were purchased from the American Type Culture (GIBCO BRL, Gaithersburg, MD, USA) for two hours
at room temperature, washed with PBS-Tween-20 forCollection (ATCC, Rockville, MD, USA). Human glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) cDNA one hour, and incubated with peroxidase-conjugated sec-
ondary antibody, rabbit anti-IgG for two hours at roomwas constructed based on the previously published se-
quence using the polymerase chain reaction (PCR) [24]. temperature. After washing, the membranes were incu-
bated with enhanced chemiluminescence (ECL) detec-In brief, 20 mg of total RNA were denatured, separated
by electrophoresis through a 1.2% agarose gel with 2.2 tion reagents (Amersham Life Science, Little Chalfont,
UK) for precisely one minute followed by autoradiogra-mol/L formaldehyde, transferred onto nylon membranes
using a capillary transfer, and covalently cross-linked to phy. Positive immunoreactive bands were quantitated
densitometrically and compared with controls.the membrane with ultraviolet light using a gene linker
(Bio-Rad, Richmond, CA, USA). The membranes were
ELISAhybridized with 32P-labeled cDNA probes for TGF-b1
and FN and then rehybridized with a probe for GAPDH To quantitate the level of TGF-b1 or FN protein under
as an internal control to assess RNA quantity and integ- the different experimental conditions, total TGF-b1 or
rity. Autoradiography was performed by exposing the FN was measured in the mesothelial cell culture superna-
blots to Kodak x-ray film with intensifying screens at tant using a commercial sandwich ELISA kit for TGF-b1
2708C for one to five days. Quantitation of mRNA sig- (R&D Systems, Minneapolis, MN, USA) or competitive
nals was performed by densitometry using MCID (Im- inhibition ELISA for FN (Chemicon Int., Temecula, CA,
aging Research Inc., St. Catharines, Ontario, Canada) USA) according to the manufacturer’s descriptions. Each
and normalized with GAPDH mRNA signals. assay was sensitive to 5 pg TGF-b1/mL or 10 to 20 ng
FN/mL.
Bioassay for TGF-b activity
Analysis of dataThe activity of TGF-b present in the conditioned me-
dia was measured using the mink lung epithelial cell All results are expressed as mean 6 SE. Analysis of
(MLEC) growth inhibition assay, where human recombi- variance was used to assess the differences between mul-
nant TGF-b1 (0.64 to 10,000 pg/mL; Genzyme, Cam- tiple groups. If the F statistics were significant, the mean
bridge, MA, USA) was used to generate a standard curve values obtained from each group were then compared
[12, 25]. In a preliminary study, TGF-b bioactivity was by the Fisher’s least significant difference method. A
not detected in the conditioned media under our experi- P value , 0.05 was used as the criterion for a statistically
significant difference.mental condition. Total (latent 1 active) bioactivity was
determined on samples heated to 808C for 15 minutes.
In brief, CCL-64 cells (ATCC) were grown in 96-well
RESULTSculture plates with RPMI containing 5% FBS and condi-
Effects of high glucose on PKC activity and DAGtioned media for 96 hours. MTT (3-[4,5-dimethylthiazol-
levels in HPMC2-yl]-2,5-diphenyltetrazolium bromide; Thiazolyl blue)
was then added, and cells were incubated for another Specific PKC activities in HPMC cultured under 50
mmol/L (high) glucose increased by 2.3-fold that of 5.6eight hours. Elution buffer was added, and cells were
incubated for an additional 48 hours. The optical density mmol/L (control) glucose at 24 hours, and this was sus-
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also increased both TGF-b1 and FN mRNA expression.
The relative increase in response to PMA was 2.2-fold
that of control glucose for TGF-b1 mRNA and 1.4-fold
for FN mRNA at 24 hours. PMA-induced up-regulation
of TGF-b1 and FN mRNAs was effectively blocked by
prolonged incubation with PMA, suggesting effective
depletion of mesothelial cell PKC. Depletion of PKC
also abolished high glucose–induced, but not constitu-
tive, expression of TGF-b1 and FN mRNA.
Effects of high glucose on TGF-b protein production
by HPMC and the role of PKC
The MLEC growth inhibition assay of mesothelial cell
conditioned media was performed to determine the
translation of TGF-b1 mRNA into protein synthesis and
secretion. Heat-activated conditioned media showed a
time-dependent increase in cumulative TGF-b activity
in both control and high glucose (P 5 0.0001) solutions
throughout the observation period of 3 to 48 hours, as
shown in Figure 3. High glucose significantly increased
TGF-b1 secretion by HPMC at 24 and 48 hours when
compared with control. Conditioned media without heat
activation had no detectable inhibition of MLEC growth,
suggesting that HPMC secreted TGF-b protein mostly
in inactive or latent forms. ELISA using acid-activated
conditioned media confirmed a significant increase in
TGF-b1 protein under high glucose or PMA at 48 hours
Fig. 1. Effects of high glucose on human peritoneal mesothelial cell (Table 1). Mannitol at 50 mmol/L did not significantly(HPMC) protein kinase C (PKC) activity (A) and dicylglycerol (DAG)
increase TGF-b1 protein synthesis (Table 1), suggestinglevel (B) and dose–response effects of glucose on the DAG level (C ).
After incubation of quiescent mesothelial cells with control (5.6 that hyperosmolality per se did not induce TGF-b1 syn-
mmol/L) or high (50 mmol/L) glucose for the given period, the specific thesis in HPMC at 50 mmol/L glucose.PKC activity (A) and DAG level (A) were measured as described in
In a preliminary study, PKC depletion by preincuba-the text. (C) DAG levels in HPMC cultured under different glucose
concentrations for 24 hours. The values of PKC (A) and DAG (B) in tion of HPMC with PMA for 24 hours and inhibition of
HPMC cultured under 5.6 mmol/L glucose at each time point was PKC with calphostin C effectively inhibited both PMA-assigned a relative value of 100%. Values are expressed as mean 6 SE
and high glucose–induced TGF-b1 protein synthesis atof five experiments. * P , 0.05 compared with control.
48 hours (data not shown).
Effects of high glucose on fibronectin protein
production by HPMC and the role of PKCtained up to 72 hours as summarized in Figure 1A. The
[3H]DAG level in HPMC under high glucose also in- To confirm the existence of FN protein in conditioned
creased 2.0-fold at 24 hours and sustained up to 72 hours media, we performed an immunoblot analysis. FN was
(Fig. 1B). Glucose increased the [3H]DAG level in always detectable at three hours after the addition of
HPMC in a dose-dependent manner, as shown in Figure serum-free control glucose media, and this was used as
1C. The [3H]DAG level increased significantly at 30 the control. Cumulative production of FN by HPMC
mmol/L or higher glucose concentrations, but not at 11 cultured in both the control and high glucose solutions
mmol/L as compared with 5.6 mmol/L. increased progressively with time (Fig. 4). High glucose
significantly increased FN production by HPMC at 48
Effects of high glucose on HPMC expression of hours. The Western blot analysis in Figure 5 demon-
TGF-b1 and fibronectin mRNAs and the role of PKC strates that d-glucose increased FN production by HPMC
High glucose significantly increased steady-state levels after 48 hours of incubation in a dose-dependent manner.
of both TGF-b1 and FN mRNAs in HPMC, as summa- Neither l-glucose (Fig. 5) nor mannitol (Table 1) at 50
rized in Figure 2. The respective values of TGF-b1 and mmol/L induced FN protein production. ELISA con-
FN mRNA expression were 1.6- and 1.7-fold that of firmed the significant increase in FN protein synthesis
control glucose at 24 hours, which was sustained up to under high glucose at 48 hours (Table 1).
Both depletion and inhibition of mesothelial cell PKC48 hours (48-hour data not shown). PMA at 100 nmol/L
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Fig. 2. Effects of high glucose on HPMC ex-
pression of TGF-b1 and FN mRNAs, and the
role of PKC. After incubation of quiescent
HPMC with control glucose (CG; 5.6 mmol/L),
high glucose (HG; 50 mmol/L), and PMA (100
nmol/L) for 24 hours with (j) and without
(h) PKC depletion, total RNA was isolated,
electrophoresed, and transferred onto nylon
membranes. Northern blots were performed
as described in the Methods section. (A) Rep-
resentative Northern blots. (B) The intensity
of densitometer readings corrected for GAPDH
and relative to that of control. Values are
mean 6 SE of four experiments. * P , 0.05
compared with control glucose without PKC
depletion; † P , 0.05 compared between cor-
responding values with and without PKC
depletion.
Table 1. Effects of d-glucose, mannitol, and PMA on TGF-b1 and
fibronectin production by HPMC as determined by ELISA
TGF-b1 FN
pg/105 cells ng/105 cells
d-Glucose 5.6 mmol/L 140616 188616
d-Glucose 50 mmol/L 278637a 284637a
Mannitol 50 mmol/L 161611 184625
PMA 100 nmol/L 447693a 302630a
Abbreviations are in the Appendix. After incubation of quiescent mesothelial
cells under different experimental conditions for 48 h, aliquots of conditioned
media were analyzed for TGF-b1 and FN using ELISA. Values are mean 6 SE
of five experiments.
a P , 0.05 compared with 5.6 mmol/L d-glucose
glucose or PMA on TGF-b1 and FN mRNA expression
and protein synthesis was prevented by depletion of cel-
lular PKC or by calphostin C. These observations suggestFig. 3. Effects of high glucose on HPMC transforming growth factor-b
(TGF-b) bioactivity. After incubation of quiescent mesothelial cells that the effects of high glucose on the increased expres-
with control (5.6 mmol/L) or high (50 mmol/L) glucose for the given sion of TGF-b1 and FN by HPMC are largely mediatedperiod, aliquots of conditioned media were analyzed for TGF-b bioac-
through PKC activation. Glucose increased [3H]DAGtivity by MLEC growth inhibition assay. Values are expressed as mean 6
SE of five experiments. levels in a dose-dependent manner, and glucose at 50
mmol/L increased [3H]DAG levels and PKC activity in
a time-dependent manner in HPMC.
The expression of TGF-b1 and FN mRNA by HPMCabolished both high glucose– and PMA-induced, but not
cultured under high glucose increased 1.6- and 1.7-fold,constitutive, FN production (Fig. 6).
respectively, that of control values at 24 hours, and this
increase was maintained up to 48 hours. A significant
DISCUSSION increase in TGF-b1 bioactivity and protein concentra-
tion and FN protein was found in high glucose media atOur study demonstrates that cultured HPMC increase
24 and 48 hours, respectively, as compared with con-both TGF-b1 and FN mRNA expression and protein
trol glucose media. The extent of high glucose–inducedsynthesis in response to a high concentration of glucose
HPMC TGF-b1 mRNA expression was comparable toas well as to PMA. In addition high glucose sustained
an increase in HPMC PKC activity and the effect of high the findings of Wang et al, who reported 2.1-fold increase
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Fig. 6. Role of PKC in high glucose–induced HPMC FN production.
Quiescent HPMCs were cultured for 48 hours in serum-free medium
containing control glucose (CG; 5.6 mmol/L), high glucose (HG; 50
mmol/L), and PMA (100 nmol/L) with and without PKC depletion
(preincubation with PMA 100 nmol/L for 24 h) or inhibition of PKC
(calphostin 100 nmol/L). Western blots were performed as described
in Figure 4. FN produced by HPMC under serum-free control glucose
media without PKC depletion/inhibition was used as control. Values
are expressed as mean 6 SE fold increase that of control from fiveFig. 4. Immunoblot analysis of fibronectin production by HPMC. (A)
experiments. * P , 0.05 compared with control; † P , 0.05 comparedRepresentative Western blots. (B) After incubation of quiescent meso-
with corresponding values without PKC depletion/inhibition.thelial cells with control (5.6 mmol/L; h) or high (50 mmol/L; j) glucose
for the given period, aliquots of conditioned media were electropho-
resed under reducing conditions and transferred onto nitrocellulose
membranes. Western blots were performed as described in the text.
FN was always detectable at three hours after the addition of serum- at 48 hours after stimulation [14]. Kumano et al reported
free control glucose media and was used as the control. Values are
1.6- and 2.5-fold increases in rat mesothelial TGF-b1expressed as mean 6 SE fold increase that of control from four experi-
ments. mRNA above control values when cultured for six days
with 25 and 50 mmol/L glucose, respectively [13]. In a
preliminary investigation, Medcalf et al reported in-
creased TGF-b protein synthesis by HPMC when stimu-
lated with glucose-based dialysate (Dianeale PD4) [ab-
stract; Medcalf et al, Perit Dial Int 18(Suppl 2):S66, 1998].
Under the same experimental condition, FN mRNA ex-
pression and protein synthesis increased 2.4- and 1.3-
fold above control at 12 hours, respectively. Kumano et
al observed that rat mesothelial cell FN mRNA expres-
sion increased 3.1-fold above control values when cul-
tured for six days under 50 mmol/L glucose [9].
The lack of effects of 50 mmol/L mannitol or l-glucose
on TGF-b1 and FN production by HPMC suggests that
metabolism of glucose—but not high media osmolality
per se—is involved in the high glucose–induced up-regu-
lation. We found that high glucose–induced FN produc-
tion was dose dependent, with the glucose concentration
ranging from 5.6 to 100 mmol/L. Dose-dependent in-
creases in mRNA expression of TGF-b1 [14, 15] and FN
[9] by mesothelial cells have been reported when cells
were incubated in a medium containing from 5 to 90
mmol/L glucose. Additional studies are needed to exam-
ine whether glucose uptake and/or metabolism in HPMC
Fig. 5. Effects of D- and L-glucose on fibronection production by
are increased dose dependently in these high concentra-HPMC. (A) Representative Western blot. (B) Quiescent HPMC were
cultured under d- or l-glucose for 48 hours, and conditioned media tions of glucose. Although the mechanisms involved in
were analyzed as described in Figure 4. Lane 1, 5.6 mmol/L d-glucose; glucose uptake by mesothelial cell plasma membrane
lane 2, 50 mmol/L d-glucose; lane 3, 100 mmol/L d-glucose; lane 4,
have not been studied, mammalian facilitative glucose50 mmol/L l-glucose. Values are expressed as mean 6 SE of three
experiments. * P , 0.05 compared with 5.6 mmol/L d-glucose. transporters would be saturated at or near physiologic
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Activation of PKC is known to induce transcription sulfate; and TGF-b, transforming growth factor-b.
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